Fossils of a predatory dinosaur provide novel information about the evolution of unenlagiines, a poorly known group of dromaeosaurid theropods from Gondwana. The new dinosaur is the largest dromaeosaurid yet discovered in the Southern Hemisphere and depicts bizarre cranial and postcranial features. Its long and low snout bears numerous, small-sized conical teeth, a condition resembling spinosaurid theropods. Its short forearms depart from the characteristically long-armed condition of all dromaeosaurids and their close avian relatives. The new discovery amplifies the range of morphological disparity among unenlagiines, demonstrating that by the end of the Cretaceous this clade included large, short-armed forms alongside crow-sized, long-armed, possibly flying representatives. The new dinosaur is the youngest record of dromaeosaurids from Gondwana and represents a previously unrecognized lineage of large predators in Late Cretaceous dinosaur faunas mainly dominated by abelisaurid theropods.
INTRODUCTION
Dromaeosaurids are close avian relatives mainly known from the Northern Hemisphere. These are gracile and slender theropod dinosaurs, most of them measuring between 50 cm and 3 m in length (Ostrom 1969; Xu et al. 2000; Senter et al. 2004; Turner et al. 2007) . A few examples from the Northern Hemisphere, however, reached up to 5 m long (e.g. Achillobator from Asia and Utahraptor from North America; Kirkland et al. 1993; Perle et al. 1999) . In recent years, a few dromaeosaurid taxa have been discovered in Gondwana ( Novas & Puerta 1997; Forster et al. 1998; Calvo et al. 2004; Makovicky et al. 2005; Novas & Pol 2005) , but their evolutionary history remains poorly understood. Here we report a startling new example from CampanianMaastrichtian beds of Patagonia, which acquired a large body size convergently with the large Laurasian taxa and departed from the characteristic morphology of dromaeosaurids. (b) Holotype Specimen number MML-195 consists of right frontal and postorbital, lacrimals, maxillae and dentaries with teeth, right surangular and prearticular, cervicals 3, 5, 6, 7 and 8, dorsals 2 and 4, isolated ribs and gastralia, right humerus, manual ungual of digit III, left pubic shaft, left femur, and right tibia, astragalus, calcaneum, metatarsal III and pedal phalanges I-2, II-2, III-4 and IV-2 (figure 1).
DESCRIPTION AND COMPARATIVE ANATOMY (a)
(c) Etymology Austroraptor, from austral in reference to southern South America, and raptor, thief; and cabazai, in honour to the late Héctor Cabaza, founder of the Museo Municipal de Lamarque. Valieri et al. 2007) , a yet unnamed alvarezsaurid (Agnolín et al. 2006) , and indeterminate tetanurans (Coria & Salgado 2005) .
(e) Diagnosis A large dromaeosaurid with the following combination of characters that distinguish it from other members of this group (autapomorphies marked with an asterisk): lacrimal highly pneumatized, with descending process strongly curved rostraly Ã , and caudal process flaring out horizontally above orbit Ã (differing from Laurasian dromaeosaurids, but unknown for other unenlagiines); postorbital lacking dorsomedial process for articulation with the frontal Ã , and with squamosal process extremely reduced (differing from Laurasian dromaeosaurids, but unknown for other unenlagiines); maxillary and dentary teeth small, conical-shaped, devoid of serrations and flutted (as in Buitreraptor); humerus short, representing slightly less than 50 per cent of femur length (a smaller ratio than in other dromaeosaurids and paravians); pedal phalanx II-2 ( j,l ) Pedal phalanx IV-2 in ( j ) left lateral and (l ) dorsal views. af, antorbital fenestra; cp, carotid process; d, dentary; dp, diapophysis; f, foramina; fr, frontal; fsp, fan-shaped process of lacrimal; g, groove; h, caudoventral heel; lac, lacrimal; mx, maxilla; mxf, maxillary fenestra; ns, neural spine; o, orbit; pan, postantral wall; po, postorbital; poz, postzygapophysis; pp, parapophysis; prz, prezygapophysis; rpmx, rostral process of maxilla; st, spine table.
transversely narrow, contrasting with the extremely robust phalanx IV-2 (differing from other dromaeosaurids, including unenlagines, but resembling the condition of advanced troodontids).
(f ) Description and comparisons The holotype specimen of A. cabazai ( figure 1a ) was approximately 5 m long. The skull (figure 1b) is characteristically extremely long and low, being roughly 80 cm long as reconstructed. The depth of the maxilla (taken at level of the rostral margin of the antorbital fenestra) represents 21 per cent of the length of the bone. The antorbital fenestra is also low and elongate, but restricted to the caudal portion of maxilla. A single, large, elliptical maxillary fenestra is present. The postantral wall of the antorbital fenestra is rostrocaudally extensive. The ventral margin of maxilla is straight and bears 24 teeth. The maxilla of Austroraptor closely resembles that of Buitreraptor, but both sharply contrast with most Laurasian dromaeosaurids (e.g. Deinonychus, Velociraptor, Saurornitholestes, Bambiraptor, Dromaeosaurus, Atrociraptor, Achillobator; Currie & Varrichio 2004; see table 1) because in the latter ones the maxilla is deeper in side view (i.e. maxillary depth at the level of rostral margin of antorbital fenestra is 30% or more than the length of the bone), two fenestrae (i.e. maxillary and promaxillary fenestrae) are nested into a well-marked antorbital fossa and the postantral wall is not caudally projected. Besides, the ventral margin of the maxilla in northern dromaeosaurids is ventrally convex, and the number of teeth is lower (9-15 tooth positions; Norell & Makovicky 2004 ). The frontal of Austroraptor is triangular shaped in dorsal aspect, tapering rostrally as in troodontids (Currie 1987a,b) . The supratemporal depression invades the caudal portion of the bone, being rostrally bounded by a straight, oblique ridge different from the sigmoid one of Evolution of Gondwanan dromaeosaurids F. E. Novas et al. 1103 dromaeosaurids (Barsbold & Osmó lska 1999; Xu & Wu 2001) . Moreover, the frontal of Austroraptor lacks the conical caudolateral process characterizing some Laurasian deinonychosaurs (Currie 1987a ). The lacrimal is low in side view, in agreement with the shallow maxilla. The descending process is rostrally curved, resembling the troodontid Saurornithoides (see Barsbold 1974) , but differing from the T-shaped condition characterizing Laurasian dromaeosaurids (Barsbold & Osmó lska 1999; Xu & Wu 2001) . The lacrimal of Austroraptor also differs from other known dromaeosaurids in having an extensive excavation on the caudodorsal corner of the antorbital fossa, which contains two large foramina. Moreover, the caudal extremity of the lacrimal is horizontally expanded into a fan-shaped process that largely contributes to the craniodorsal roofing of orbit (figure 1c), a bizarre condition yet unrecorded in other theropod dinosaurs.
The dentary of Austroraptor is gracile, elongate and almost straight in occlusal view. Nutrient foramina on the external surface of dentary lie within a deep groove, a feature shared with Buitreraptor and troodontids (Currie 1987b; Makovicky et al. 2005) . Twenty-five tooth positions are present. Both maxillary and dentary teeth are small, conical shaped, caudolingually hooked, and devoid of mesial and distal carinae and denticles, features that are also present in Buitreraptor. However, the enamel tooth surface in Austroraptor is fluted, a condition resembling that of spinosaurid theropods (Sues et al. 2002) .
The ventral surface of cranial cervical vertebrae (figure 1d ) is smooth and gently grooved, being limited laterally by longitudinal ridges. Carotid processes are present on the cranioventral margin of Cv3. Cervical centra are trapezoidal in lateral view, with both cranial and ventral surfaces meeting at an obtuse angle in lateral view, excepting for Cv7 in which the cranial and ventral surfaces of the vertebra are coplanar and ventrally faced. Posterior cervicals (figure 1e, f ) are craniocaudally short and devoid of both neural spine and epipophyses, in contrast with other deinonychosaurians in which such processes are usually present. Anterior dorsals (figure 1g,h) bear an enlarged spine table.
The humerus is short and robust, representing approximately 46 per cent of femoral length, thus contrasting with the elongate and delicate humeri of other dromaeosaurids (e.g. Unenlagia, Buitreraptor, Sinornithosaurus; Xu 2002; Makovicky et al. 2005; Novas & Pol 2005) . The deltopectoral crest projects cranially and is laterally flat, instead of being craniolaterally oriented and laterally excavated as in Unenlagia and Buitreraptor. Manual ungual of digit III is small but strongly curved, describing an arch that is much more pronounced than that in other dromaeosaurids (e.g. Deinonychus; Ostrom 1969).
The femur is robust, bearing a strongly marked obturator ridge along the proximal part of the caudal surface of the bone. The femoral length is estimated as 56 cm when complete. It is therefore subequal to the length of the tibia (56.5 cm long). Metatarsal III is roughly 33 cm long, representing 58 per cent of tibial length. Phalanx II-2 exhibits a constricted 'neck' between both proximal and distal articular surfaces, and a caudoventrally projected 'heel', as characteristically occurs among paravians. However, phalanx IV-2 (figure 1 j, l ) is unusually robust, duplicating the transverse width of phalanx II-2 ( figure 1i,k ) , indicative of a marked asymmetry in foot construction. This is in sharp contrast with other dromaeosaurids (e.g. Deinonychus, Velociraptor, Neuquenraptor ; Ostrom 1969; Norell & Makovicky 1999; Novas & Pol 2005) , in which pedal phalanx II-2 is slightly narrower with respect to phalanx IV-2.
PHYLOGENETIC ANALYSIS
Discovery of Austroraptor has important consequences in the understanding of the evolution of southern dromaeosaurids, and sheds new light about the modifications in body size and forelimb proportions within Dromaeosauridae ( Turner et al. 2007) .
Phylogenetic analysis here performed (figure 2a; see electronic supplementary material) depicts the new Patagonian taxon as deeply internested within Deinonychosauria and Dromaeosauridae. As in all deinonychosaurs, Austroraptor shows a modified pedal digit II allowing hyperextension, and a well-developed anterodorsal process of lacrimal (also present in Archaeopteryx). The inclusion of Austroraptor within Dromaeosauridae is supported by the extension of the supratemporal fossa over most of the frontal process of the postorbital, teeth with unconstricted crown-root junction, epipophyses of cranial cervical vertebrae placed distally on postzygapophyses, and anterior cervical centra level with posterior margin of neural arch. Moreover, when Austroraptor is added to the data matrix, the result differs from that of previous analyses as it recovers a monophyletic Unenlagiinae (Makovicky et al. 2005; Novas & Pol 2005; Turner et al. 2007 ), a clade of Gondwanan dromaeosaurids also including the Patagonian Unenlagia comahuensis, Unenlagia paynemilli, Neuquenraptor argentinus, Buitreraptor gonzalezorum and the Malagasy Rahonavis ostromii ( Novas & Puerta 1997; Forster et al. 1998; Calvo et al. 2004; Makovicky et al. 2005; Novas & Pol 2005) . Postcranial synapomorphies of Unenlagiinae, which are present in Austroraptor include: dorsal vertebrae with transverse processes shortened, top of dorsal neural spines transversely expanded into a spine table and metatarsal III proximally pinched. Austroraptor and Buitreraptor are the only unenlagiines preserving skull material, allowing the recognition of several synapomorphic features (e.g. skull exceeding femoral length at least by 25%, rostral process of maxilla low, maxillary fenestra enlarged and not dorsally displaced, postantral wall backwardly expanded, maxillary and dentary teeth small and unserrated, dentary nutrient foramina set within a deep groove) that may characterize Gondwanan unenlagiines as a whole.
DISCUSSION
It was hypothesized ( Turner et al. 2007 ) that dromaeosaurids underwent at least three independent events of gigantism, the ostrich-size Unenlagia being an example of such evolutionary trend among southern dromaeosaurids. Discovery of Austroraptor supports this hypothesis, but demonstrates that some late unenlagiines attained sizes exceeding 1.5 times that of Unenlagia. In this phylogenetic context, it is interpreted that Austroraptor convergently acquired with the Laurasian Achillobator and Utahraptor (Kirkland et al. 1993; Perle et al. 1999 ) the largest sizes among Dromaeosauridae (table 1) .
The forelimbs of Austroraptor are notably reduced with respect to hindlimb length, constituting an exceptional departure from the characteristic long-armed construction of dromaeosaurids (Gauthier 1986; Padian & Chiappe 1997;  figure 2b ). In particular, the forelimb length reduction documented in Austroraptor is in sharp contrast with the considerably elongated forelimbs of the smaller unenlagiines Buitreraptor and Rahonavis, which are proportionally similar to those of flying ornithuran birds (Senter 2007 Austroraptor is deeply nested within Dromaeosauridae and Unenlagiinae. The affinities of A. cabazai were tested using recently published datasets within the broad context of Coelurosauria ( Turner et al. 2007 ) and analysed with equally weighted parsimony in TNT27 (Goloboff et al. 2008) . Further phylogenetic data and a complete strict consensus tree are offered in the electronic supplementary material. (b) Phylogenetic tree of paravian coelurosaurs displaying the evolution of forelimb/hindlimb proportions, as measured by the humeral length/femoral length ratio (H/F) optimized as a continuous character using linear parsimony in TNT27. Root of the tree located at the bottom of the figure (marked in grey) and derived branches to the top. The location of nodes and taxa along the horizontal axis represents the H/F ratio (filled circles, measured taxa; open circles, inferred ancestral values; error bars, ranges of possible ancestral values or intraspecific variation for terminal taxa). Grey box encloses dromaeosaurid maniraptorans, exemplified by two silhouettees: a generalized dromaeosaurid with elongated forelimbs, based on Deinonychus (Ostrom 1969) , and Austroraptor with reduced forelimbs. See the electronic supplementary material for further explanation. Buitre, Buitreraptor; Deino, Deinonychus; Graci, Graciliraptor; Micr, Microraptor; Sinorn, Sinornithoides; Sinornit, Sinornithosaurus; Sinov, Sinovenator; Unen, Unenlagia.
Evolution of Gondwanan dromaeosaurids F. E. Novas et al. 1105 crest, different from the avian-like, craniolateral orientation of this crest present in Unenlagia (see Novas & Puerta 1997) and Buitreraptor (see Makovicky et al. 2005) .
The new discovery amplifies the range of variation among unenlagiines, demonstrating that they were morphologically and ecologically more diverse than previously thought. Available information speaks in favour that they conformed an autochthonous lineage of southern dromaeosaurids with important morphological distinctions from their northern relatives. By the end of the Cretaceous period, unenlagiine diversification included giant, short-armed forms (i.e. Austroraptor) alongside with crow-sized, winged representatives (i.e. Rahonavis; Forster et al. 1998; Chiappe 2007) .
The new Patagonian taxon, together with the previously recorded evidence, indicates that by Maastrichtian times southern South America was populated by large coelurosaurians belonging to different lineages, including the basal coelurosaurian Orkoraptor (see Novas et al. 2008) , the derived maniraptoran Unquillosaurus (see Novas & Agnolin 2004 ) and the unenlagiine Austroraptor. This record is in agreement with previous ideas suggesting that large-sized coelurosaurians became common after the loss of dominance of carcharodontosaurid tetanurans ( Leanza et al. 2004) . In this regard, towards the latest Cretaceous, large dromaeosaurids shared the role of large predators (approx. 5 m long) with abelisaurid ceratosaurians (e.g. Quilmesaurus), a faunal assemblage not recorded before.
